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Letters to the Editor. 

\Jhe Editor does not hold himself responsible for 
opinions expressed by his correspondents. Neither 
can he undertake to return, or to correspond with 
the writers of, rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications .] 

Human and Other Tails. 

In Nature of February 24 last, p, 845, there 
appears a report of Prof. Arthur Keith’s remarks at 
the meeting of the Royal, Anthropological Institute 
held on February 8. It may be that the Journal of 
the institute will contain a more detailed paper on 
the same subject, and that the fuller paper will some¬ 
what modify the dicta put forward in the report as 
it appears in Nature. But in the absence of any 
further details it seems worth while to note some 
of the points raised by Prof. Keith which appear open 
to criticism. 

My right to criticise may perhaps be sustained by 
the reference on p. 846 to Tarsius and to my pub¬ 
lished views concerning its systematic position. Prof. 
Keith’s rather far-reaching generalisations were called 
forth by the examination of one of those fleshy sacral 
appendages commonly known as human tails. It is 
obvious from every sentence in the article cited that 
Prof. Keith believes that the human tail was lost 
because man became an orthograde—that is, 
adopted a vertical instead of a horizontal poise for his 
body. No doubt that is a very well justified position 
to take up, and, in so far as a human orthograde poise 
implies a cessation of tail utility, I entirely agree with 
him. But when Prof. Keith says, “With the evolu¬ 
tion of the upright posture the pelvic muscles which 
act on the tail had to bear the steady burden of the 
abdominal viscera-—had to be in action as long as 
the orthograde posture was maintained. They could 
not serve in the support of the viscera and the move¬ 
ments of the tail at the same time,” I dissent from 
him altogether. Indeed, to me it seems a remarkable 
thing that one who is in constant association with 
the museum of John Hunter could possibly believe 
that, if this dual duty of support of viscera and pro¬ 
duction of tail movements were thrust upon them, the 
muscles would fail in one respect or the other. We 
need, as a matter of fact, go no further afield than 
the kangaroo to see how an animal which is typically 
orthograde may support its abdominal viscera in the 
upright posture, and yet possess a tail which is one 
of the most wonderful of muscularly controlled caudal 
appendages met with among the mammals. 

Man has not lost his tail because the caudal mus¬ 
culature is incapable of undertaking the dual rdle of 
visceral support and caudal mobility. He has lost it 
because it has ceased to be of any use to him. For 
the same reason the gibbon, the orang, the chim¬ 
panzee, and the gorilla have lost theirs. For the same 
reason certain “ pronograde apes ” (which Prof. Keith 
appears to assume possess uniformly “basal or 
pelvic,” as well as “free or terminal,” portions of 
their tails) have lost theirs. Cynopitheeus possesses 
no more than a button, the Barbarv ape still less, 
and, indeed, the reduction of the tail is seen to the 
best advantage in the most typically pronograde group 
(the baboons) of the Primates. Because the tail has 
ceased to be of any functional use certain of the lemurs 
have also lost it, and so have a host of other mam¬ 
malian forms belonging to other orders. Did it not 
appear flippant, one might ask if Prof. Keith imagines 
the guinea-pig lost its tail because its caudal muscula¬ 
ture could not fulfil a dual rile. Recession of the 
tail has been effected and prehensile tails have been 
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developed, over and over again in the mammalian 
phylum. But one may not argue phytogeny, or the 
limits of the possibilities of muscular adaptation, to 
account for these things. No argument which bases 
the toss of the tail on the grounds cited by Prof. Keith 
carries the least conviction or bears any interpretation 
which may be distorted into human phytogeny. 

Prof. Keith further goes on to state that “in 
pronograde apes the pelvic visceral musculature is 
attached to the peculiar chevron-like bones (haemal 
arches) placed beneath the pelvic vertebrae of the tail; 
the reappearance of the haemal arches in the human 
embryo during the second and third months of develop¬ 
ment may be regarded as definite proof that man 
comes of a pronograde ancestry.” This is a common 
type of argument, one that has been current far too 
tong, and one against which I have been attempting 
to teach for some time past. Apart from the con¬ 
fusion that may be caused by identifying “hsemal 
arches ” with definite “chevron bones” is the gross 
fallacy involved in the argument that because hsemal 
arches are present in pronograde apes and in man, 
therefore man is developed from a pronograde ape. 
Hsemal arches are a primitive vertebrate heritage, but 
they are no more; they have no more to do with 
the pronograde poise per se than have the neural 
arches or the gill bars. We. all know that the prono¬ 
grade habit is typical of tower vertebrates, and we 
need not quibble about a pronograde vertebrate an¬ 
cestry for man. But to argue that the pronograde 
simian ancestry of man is evidenced in the “re¬ 
appearance of the haemal arches in the human embryo 
during the second and third months of development ” 
is sheer nonsense. Haemal arches are developed in 
birds, and one would have as good justification for 
saying that this proved that man descended from a 
volant ancestor as Prof. Keith has, bv the parallel 
argument, for claiming man’s descent from a simian 
pronograde ancestor. Both arguments are fallacious 
and stupid. 

Whilst the whole trend of Prof. Keith’s remarks 
appears to be directed towards a vindication of the 
pronograde simian ancestry of man, he seems, in the 
end, to disagree with the ancestral position of “ Tarsius 
spectrum, for which Prof. Wood Jones claims a special 
human relationship.” Yet of this animal he says: 
“... in its tail and tail-musculature Tarsius is a pure 
pronograde Primate.” I should be sorry to destroy 
the last bridge by which Prof. Keith’s views might 
be reconciled with my own ; hut I have no hesitation 
in saying that Tarsius is certainly not a pure prono¬ 
grade, and that, moreover, no living animal the habits 
of which are open to observation should be judged as 
a pronograde by an examination of the musculature 
of its tail. F. Wood Jones. 

The University, Adelaide, South Australia, 

April 10. 


Twenty-five years ago it was my privilege to teach 
Prof. Wood Jones; he now repays me with interest 
and with some degree of vigour. The matter wherein 
we differ has a very direct interest, not only for those 
who are seeking to unravel the history and relation¬ 
ships of man by means of anatomical evidence, but 
also for every zoologist who relies on structural details 
for arranging animals in a natural or evolutionary 
series. In man and in the four anthropoid apes— 
the gorilla, chimpanzee, orang, and gibbon—the tail 
has undergone a peculiar transformation—a sacralisa- 
tion it may be named—for its vertebrae have become a 
mere submerged appendix of the sacrum. The de¬ 
pressor muscles of the tail have become spread out 
to form a muscular hammock on which the pelvic 
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viscera are supported. With this generalisation of the 
tail there are numerous correlated changes in the 
vertebra and muscles of the spine, in the musculature 
of the -body-wall and thorax, and in the shape and 
arrangement of the viscera of the body-cavities. 

As will be seen from his letter, Prof. Wood Jones 
is of opinion that each member of this orthograde 
group of Primates—man, gorilla, chimpanzee, orang, 
and gibbon—has acquired the sacralisation of 
the tail independently of each other; in his opinion 
we are dealing with remarkable resemblances 
produced by convergence. On the other hand, it 
seems to me a more rational explanation to believe 
that evolution, is true, and that all the orthograde 
Primates are the progeny of a common stock—the 
primitive orthograde stock—and that we are there¬ 
fore dealing with a common inheritance. Seeing that 
all have a nervous system cast in a common mould, 
with vascOlar, alimentary, muscular, and bony systems 
which differ only in detail, we do much less violence to 
what we know of the laws of evolution by adopting 
my explanation than if we accept that offered by Prof. 
Wood Jones. In no other Primate, save the five 
mentioned above, has the tail undergone sacralisation. 
The guinea-pig, the Barbary ape, and Cynopithecus 
have no bearing on the point in question ; their tails 
have not undergone sacralisation. To compare the 
posture and method of progression of the kangaroo 
to man or an anthropoid ape is of the nature of 
burlesque. 

In my original paper on vestigial tails I made special 
allusion to Tarsius because Prof. Wood Jones has 
misled public opinion as to the structural relationship 
that exists between anthropoid apes and man. He 
holds, on what I consider a flimsv basis, that man 
has been evolved from a Tarsius-like ancestor, and 
that between this ancestor and man there must be a 
series of undiscovered links. Tarsius has a particu- 
larlv long tail; In no sense can its posture or method 
of progression be said to be like that of the ortho¬ 
grade Primates. In the manner In which its tail- 
muscles are arranged Tarsius resembles pronograde or 
dog-like apes. It has no claim to be called humanoid, 
whereas, in this, as in a thousand other structural 
characters, thie anthropoid apes can claim, not a 
resemblance, but an identity. Arthur Keith. 


The Stationary H- and K-Imes of Calcium in Stellar 
Atmospheres. 

It has been noticed by many observers that the 
space surrounding early B-classes of stars (e.g. 
8 Orionis) often show absorption of H- and K-lines 
of calcium, which do not share in the Doppler dis¬ 
placements of the other absorption-lines of the stellar 
spectra. This suggests that these stars are enveloped 
in an atmosphere of calcium vapour which Hoes not 
partake in the orbital motion of the stars (Nature, 
April 21, p. 247). 

There is, of course, naturally a difficulty in realising 
why calcium, alone of all elements, should be found 
to occur in_ the attenuated atmospheres surrounding a 
stellar system.. Very closely connected with this 
phenomenon is the observational fact that in the flash- 
spectrum of the sun the longest arcs are those corre¬ 
sponding to calcium H- and K-!ines, indicating that 
in the sun also the outermost layers (according to 
Mitchell, 14,000 km. above the solar disc) are com¬ 
posed of calcium. Hydrogen, the lightest of elements, 
which we shpuid expect to. occur in the highest 
layers, disappears at a much lower level (8000 km., 
according to Mitchell). 

The problem, is naturally a complicated one, but 
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I think that a way to solution is afforded by the 
theories of selective radiation-pressure and of the tern, 
perature-ionisation of gases advanced by me in 
the following papers ;—“ On Radiation Pressure and 
the Quantum Theory ” (Astrophysical Journal, Septem¬ 
ber, 1919); “On Selective Radiation Pressure, etc.” 
(Journ. Coll, of Science, Calcutta, 1920); “ Ionisation 
in the Solar Chromosphere, etc.” (Phil. Mag., vol. 
xl., 1920); and “On a Physical Theory of Stellar 
Spectra ” (Proc. Roy. Soc. Lond., May, 1921). 

According to these papers, the Ii- and K-lines are 
the resonance-lines of Ca+, i.e. of a calcium-atom 
which has lost one electron. The resonance-line of 
neutral calcium is the g-line, 4 = 4227. In the Fraun¬ 
hofer spectrum we get H, K, and g, showing that 
in the solar photosphere calcium is largely ionised 
owing to the high temperature prevailing there. At 
higher levels, owing to diminution in concentration,, 
the ionisation becomes complete, so that the g-line 
disappears entirely, leaving onlv the H- and K-lines. 

The sun is a dwarf star of the Go class, corre¬ 
sponding to a surface temperature of 7ooo-75oo <? K. 
When we consider the spectra of the still hotter 
stars, classes F, A, and B, we find that the g-line 
becomes fainter and fainter, until it disappears alto¬ 
gether from the B8A class. In the still hotter stars, 
we have only the H- and K-lines, showing that they 
do not contain neutral calcium at all, but only ionised 
calcium. 

This explains the varying behaviour of the g-line 
and of the H- and K-lines, but we have still to deter¬ 
mine the force which drives Ca+ to the outermost 
layers. It is natural to conclude that the forces which 
are responsible for driving calcium absorbing H and 
K to the greatest height in the solar atmosphere 
are also responsible, in the case of stars having a 
larger surface temperature, for driving calcium to 
the surrounding parts of space. Now what can this 
force be, and why should this show a preference for 
calcium ? 

In the case of the sun I have attempted to show 
that this force is furnished by the pressure of radiant 
energy from the solar disc acting in a selective way 
upon the Ca+-atoms. The term “selective ” is most 
important here, and requires an explanation. Radia¬ 
tion-pressure is due to absorption, and therefore, in 
the case of a gas illuminated by white light, only 
those pulses which the gaseous atom is capable of 
most frequently absorbing are effective in producing 
pressure. A gas can usually absorb lines of the 
principal series alone, but the lines of the subordinate 
series are absorbed only in exceptional circumstances, 
and even then to a much smaller extent; so' that the 
maximum lifting effect of radiation-pressure is to be 
expected only in the case of atoms absorbing the 
resonance-lines. (For more detailed arguments see 
the papers above-mentioned.) In addition to this, the 
lifting force would depend on the intensity of the 
region corresponding to the absorbed lines in the 
spectrum of the continuous background of white 
light, and on the solid angle subtended at the atom 
by this background. 

In the case of the sun the surface temperature is 
73.00-7.400° K (Biscoe, Astrophvsical Journal, vol. xi,vi., 
p. 355), so that, according to Wien’s law, X st T = &, 
the maximum of emission lies at 4 = 3920 A.U., very 
close to the H- and K-lin.es of Ca+, Also these lines 
are the resonance-lines of Ca+, so that we have here 
the maximum effect of selective radiation-pressure. 
The resonance-line of hydrogen is at 4=1216 A.U., 
and therefore the effect of radiation-pressure is 
extremely small. 

It is not possible to say whether the lifting power 
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